Abstract: The inhibitory activity of water extract from leaves, stems and roots of Mexican sunflower [Tithonia divers ifolia (Hemsl.) A. Gray] on seed germination and seedling growth of selected plants were examined in the laboratory. The water extract from mature leaves at the concentration of 10mg (dry weight)/ml showed slight effect on seed germination but caused significant reduction in seedling growth of most plants tested. The degree of inhibition on plant growth varied depending on plant species. The inhibitory activity of water extract from leaves and stems on growth of sorghum seedlings were similar but higher than the activity of water extract from roots. There was no difference in phytotoxic activity between the extract from green and senescent leaves. The water extract applied in soil also inhibited root growth of the plants tested but this inhibitory activity declined in the soil.
Introduction
Mexican sunflower is a perennial plant of the family Asteraceae, native to Mexico and Central America1,4). The plant was introduced to Asia in the countries of Sri Lanka, India, Thailand and Philippines for particular purposes. In the northern part of Thailand the plant has been cultured in the mountains to prevent soil erosion and enjoy the flowers in the blooming season. Mexican sunflower usually forms an almost pure stand with few other plant species, suggesting its competitive ability and possible allelopathic activity on other plant species. The plant is reported to contain sesquiterpene lactones1,10), and certain sesquiterpene lactones are known to be plant growth inhibitors9,11). The inhibitory activity of two sesquiterpene lactones, namely tagitinin A and tagitinin C and f lavonoid hispidulin were isolated from Mexican sunflower, and they showed phytotoxic activity on seed germination and seedling growth of radish, cucumber and onion2). Under natural conditions, however, most of the allelopathic substances are released into the environment through water leaching either by directly washing the living plant parts or dissolving the plant residues in soil. The allelopathic effect is believed to be induced mostly by a combination of allelochemicals rather than a single compound and to be affected by soil factors such as soil texture, pH, nutrients, organic matter, water content and soil microoganisms5-7). The objective of this study was to determine the inhibitory activity of water extract from Mexican sunflower leaves on germination and seedling growth of tested plants, to compare the phytotoxicity of water extract from the different plant parts and to deter-* Institute of Applied Biochemistry, University of Tsukuba, Tsukuba, Ibaraki 305, Japan (Accepted June 30, 1997) mine the inhibitory activity of Mexican sunflower extract in soil.
Materials and Methods
Whole plants of six month-old Mexican sunflower grown in a green house were harvested and divided into 4 portions: green leaves (fully expanded including blade and petiole), senescent leaves (brown colored), stems and roots. Plant materials were air dried, ground with an electrical grinder through a 0.5mm screen and kept in glass bottles at -20C until used. Twenty grams of dry powder was extracted with 1,000ml of distilled water and shaken at room temperature for 12h. The extracts were filtered through a layer of glass fiber in a vacuum. The filtrate solutions were considered to be water extracts at the concentration of 20mg/ ml. The initial extracts were diluted with distilled water to concentrations of 10mg/ml, and then the pH and electrical conductivity were grown on the paper. The dishes were placed in the incubator at 25C for 4 days in the dark (except 7 days for onion, rice, tomato and rice f latsedge). The percentage of seed germination was determined by counting the number of germinated seeds having a coleoptile or radicle of at least 22mm and compared with the control. Shoot and root length were recorded and the percentage of inhibitory effect calculated. Two ml of water extract from each part at the concentration of 10 or 20mg/ml was separately poured over a sheet of filter paper into 6cm diameter petri dishes. Five uniformly pre-germinated sorghum seeds having a 1 mm coleoptile and radicle were grown on the paper. Dishes were placed in a growth chamber at 20/25C and 12/12h day/night period for 4 days, after which shoot and root length of seedlings were measured.
To compare the allelopathic activity of the water extract from Mexican sunflower in soil with that in the petri dishes, 7ml of extract from different parts was mixed with 10g of air dried sieved Kannondai soil (light colored andosol, total carbon 3.29%, total nitrogen 0. 29%, cation exchange capacity 19.0me/100g, clay content 22.3%) in a small glass bottle (8 cm in height and 4cm in diameter) and bioassayed with 5 pre-germinated sorghum seeds. The bottles were placed in the growth chamber for 4 days, and shoot and root length of sorghum seedlings were measured. All treatments were conducted with four replications.
Results and Discussion
Effect of water extract from Mexican sunflower leaves on germination and seedling growth Plant species differed in their response to the water extract from Mexican sunflower leaves ( Table 1) . The extract at the concentration of 10mg/ml showed significant inhibitory activity on seed germination of cabbage, oat, onion, tomato, wheat, itchgrass, jointvetch, rice flatsedge and slender amaranth, while germination of barley, cucumber, lettuce, mung bean, radish, rice, sorghum and crabgrass was not affected. However, at the concentration of 20mg/ml the germination percentage of most plant species except for cucumber and mung bean was markedly decreased. At this concentration, germination of rice flatsedge and slender amaranth was completely inhibited, perhaps due to their small seed size, the whole seeds sank completely and absorbed the inhibitory substance much more than larger seed plants.
The water extract at a concentration of 10 mg/ml also significantly reduced shoot and root growth of most plants, but shoot growth of mung bean and radish and root growth of barley, cucumber and mung bean were not inhibited. Shoot and root growth of all plant species were more strongly inhibited by the extract at a 20mg/ml concentration. The result obtained here was in agreement with that reported by Baruah et al.2) that seed germination or seedling growth of radish, cucumber and onion were reduced by a single treatment of tagitinin A, tagitinin C and hispidulin isolated from Mexican sunflower leaves. It was thus suggested that the phytotoxic activity of water extract was induced by the combined effect of the isolated compounds2).
Our preliminary study using ethylacetate to separate the initial water extract of Mexican sunflower leaves at various concentrations showed that the ethylacetate soluble fraction with low EC value inhibited shoot and root growth of test plants to a similar extent as the initial water extract, whereas the water soluble fraction with high EC value showed little inhibition of seedling growth (data not shown).
In this study, there was a general trend toward greater inhibitory activity of the water extract on seedling growth than on germination. This was probably because seed germination in not the primary site for allelopathic activity12). The results demonstrated that root was more sensitive to the water soluble substance than shoot, and the part of the root coming in contact with the treated solution was believed to be greater than the shoot. Effect of water extract from each part of Mexican sunflower
The effect of water extract from green leaves, senescent leaves, stems and roots on seedling growth was compared using germinated sorghum seeds. In filter paper bioassay, water extracts from leaves and stems significantly reduced shoot and root growth of sorghum seedlings compared to the extract from roots at both concentrations ( Table 2 ). There was no statistical difference in phytotoxic activity on shoot and root growth among the extracts from green and senescent leaves and stems, and these activities were higher than that of water extract from roots.
Sorghum shoot elongation was not affected by Mexican sunflower root extract in either concentration, whereas root elongation was markedly decreased at the concentration of 10mg/ml. This suggests that leaves and stem of Mexican sunflower contain a higher amount of water soluble inhibitory substance than do the roots. It was reported4) that the extract from fresh and dried leaves of Mexican sunflower contains tagitinin A, tagitinin C and hispidulin, but none of these three compounds was found in the stem extract. In our present study, however, the extracts from stems and roots both showed inhibitory activ- In soil bioassay also, water extracts from leaves and stems showed higher inhibitory activity than that from roots, but there was no signifcant difference among green and senescent leaves and stem extracts, similar to the filter paper bioassay (Table 3) . It was demonstrated, however, that the growth inhibitory activity of water extracts from every part of the Mexican sunflower was less in soil bioassay than filter paper bioassay.
Reduction in phytotoxic activity of allelochemicals in soil is probably due to their partial adsorption to soil particles and/or degradation by soil microorganisms and other soil factors3,5-7). It was further suggested that Mexican sunflower has allelopathic potential on some plant species.
The results of the present study demonstrated that leaves, stems and roots of Mexican sunflower contain some water extractable growth inhibitory substances, but the activity and/or the amounts of these substances was dependent on the part of the Mexican sunflower. It is important to emphasize that the senescent leaves have inhibitory activity similar to the green leaves, suggesting that the active compound (s) is stable after leaf death and might be beneficial in practical use. It thus seems reasonable to assume that Mexican sunflower has allelopathic activity and that the activity differs among the plant species involved. 
